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Abstract

Aim: Knee Osteoarthritis (0A) is a major cause of pain and disability in older adults. Of the cytokines identified in
osteoarthritic joints, interleukin-1(IL-1) appears to be of particular importance. The present study is a random-
ized, prospective, single-institution study to determine the effect of interleukin 18 receptor antagonist (IL-18 Ra)
in OA; we made this analysis by injecting symmetrically involved knees.

Material and Methods: The present study comprised 33 patients (19 female, 14 male) with 66 knees with a mean
age 576 (range 41-70 years). Patients were included in the study if they had radiologically-verified bilateral grade
2-3 OA of the knee according to Kellgren-Lawrence classification. The patients were analyzed with Visual Ana-
logue Scale (VAS) for pain, Knee Injury and Osteoarthritis Score (K00S), and Knee Society Score (KSS) before the
first injection was administered (pre-treatment) and again one year after the last injection (post-treatment).
Results: Treatment with ACS consistently showed significant decrease in VAS score (p<0.01). The patients report-
ed a significant improvement in KOOS (subscores and total) one year after ACS treatment (p<0.01). The increase
in KSS score from baseline to post-treatment one year also was significant (p<0.01).

Discussion: Intra-articular injection of ACS (Orthokine) in patients with painful knee OA has an excellent safety
profile and results in a strong clinical response. The data show that ACS (Orthokine) represents an effective and
well-tolerated alternative to currently predominant treatments of OA.
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Introduction

Osteoarthritis (0A) is the single most important cause of locomotor
disability in western societies and a major burden on their healthcare
systems [12]. It is a progressive, chronic condition leading to pain and
loss of function that dramatically reduces patients’ quality of life and
ability to work.

Knee Osteoarthritis (0A) is a major cause of pain and disability in older
adults [3]. It is the most common type and encountered in 6% of adults,
with a prevalence reaching 40% in advanced age (>70 years) [4]. Pain
control is one of the main goals in the treatment of knee OA [5]. The
management of knee OA begins with conservative treatments such as
physical therapy, exercise, weight loss, and medications. Pharmacolog-
ic treatment options for OA used to be restricted to the symptomatic
use of analgesics, non-steroidal anti-inflammatory drugs (NSAIDs), and
the intra-articular injection of steroids or hyaluronan (HAJ [6-11]. In-
tra-articular HA is commonly used as a safe, off-the-shelf treatment
for OA of the knee, but its efficacy is controversial. There is a pressing
need for novel, improved, mechanism-based agents for treating OA.
Surgical intervention can be indicated for patients with advanced 0A
[12].

In OA, the destruction of hyaline cartilage constitutes the central patho-
logical mechanism causing various mechanical and biological dysfunc-
tions within the joint. Of the cytokines identified in osteoarthritic joints,
interleukin-1 (Il-1) appears to be of particular importance. Accordingly,
the IL-1 receptor antagonist protein (IRAP), a naturally occurring in-
hibitor of IL-1, has been reported to limit the intra-articular damage
associated with IL-1 [1112]. In animal models, many researchers have
succeeded in positively modifying the osteoarthritic disease process
by effectively antagonising IL-1[1112,14]. Autologous conditioned serum
(ACS) is an example of a presumably disease-modifying treatment for
OA based on antagonising the intra-articular effects of IL-1 [14]. The
resulting conditioned serum contains elevated levels of various an-
ti-inflammatory cytokines, such as IRAP, IL-4, and I1-10 [11,15,16]. Several
investigators have reported effectiveness of IL-1Ra when delivered by
intra-articular injection in a canine model of OA and in a pilot human
study [17]. After initial scepticism and the positive outcome of an ani-
mal model, recent prospective randomized controlled double-blind tri-
als have provided the first evidence in human samples demonstrating
that Orthokin® (Orthogen, Disseldorf, Germany) is more effective than
placebo and/or HA for the treatment of knee OA [1118-20].

The present study is a randomized, prospective, single-institution study
to determine the effect of interleukin 18 receptor antagonist (IL-18 Ra)
in OA; we made this analysis by injecting symmetrically involved knees.

Material and Methods

After approval by the institutional review board and with written in-
formed patient consent, 33 patients (19 female, 14 male) not older than
70 years with 66 knees were included in the study. Data collection and
treatment took place at a single institution.

This study was based on a one-year prospective, randomized, con-
trolled clinical trial.

Patients

All patients presented to the orthopedic outpatient clinic with a bilateral
knee pain score equal to or mare than 4 points of 0-10 Visual Analogue
Scale (VAS) on the day of the examination. To evaluate pain severity, an-
algesic and anti-inflammatory medications were discontinued before
the start of treatment. The wash-out period was 3 weeks starting from
the day of inclusion until the first injection. Patients were included in
the study if they had radiologically-verified bilateral grade 2-3 OA of
the knee according to Kellgren-Lawrence classification [21]. All patients
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in this study were dissatisfied with previous attempts at conservative
treatment, including non-steroidal anti-inflammatory drugs.

No patient dropped out or underwent surgery while enrolled in the
study. Secondary arthritis, grade IV 0A, systemic or inflammatory joint
diseases, a history of a crystalline arthropathy, clinically relevant hema-
tologic or abnormal clinical chemistry values, bone cancer, and meta-
statis or tumor-like lesions in immediate proximity to the treated joint,
joint instability, intra-articular corticosteroid injection within the pre-
vious 6 months, history of diabetes mellitus, recent history of trauma
to the knee, and BMI greater than 30 were exclusion criteria. Patients
were also excluded if they had contraindication to injection, such as
infection, anticoagulation therapy, allergy, or hypersensitivity to any of
the study medications. Patients who use systemic corticosteroids were
also excluded. Patients who had VAS difference more than 2 points be-
tween their knees were excluded from the study.

Outcome Measurements

All patients were analyzed with Visual Analogue Scale (VAS) for pain,
which ranges from 0 (no pain) to 10 (most severe pain), Knee Injury and
Osteoarthritis Score (KO0S), and Knee Society Score (KSS) before the
first injection was administered (pre-treatment) and again one year
after the last injection (post-treatment) [22].

ACS preparation

To produce ACS, 50 mL of whole blood were taken from each patient
using a special syringe with increased internal surface area (Orthogen,
Diisseldorf, Germany); glass beads in the syringes increase the non-py-
rogenic surface area and induce the dose-dependent production of
IRAP (among others) by white blood cells in whole blood incubated at
37°C. After incubation, the blood-filled syringes were centrifuged, and
the serum supernatant was filtered (0.22 mm; Millipore, Carrigtwohill,
Co. Cork, Ireland) and aliquoted into 6-8.2 mL portions. The aliquots
were stored at -20°C until use. A randomization procedure was fol-
lowed to assign each compound to the right or the left knee.
Administration of injection

One orthopedic surgeon in one center applied all of the injections.
Patients were placed in the sitting position with 90 degrees of knee
flexion. A lateral approach to the knee was selected. The skin of the
injection site was cleaned with povidone-iodine solution. No anesthetic
was administered before injection. ACS was injected in a sterile con-
dition into the affected joint in a series of six intra-articular injections
given twice a week for three weeks. The patient was sent home after
injection. Limited movement was allowed for 24 hours and resting was
recommended in case of pain. The patient was recommended not to
receive non-steroidal inflammatory drugs (NSAIDs) and not to locally
apply ice for a week after injection in order not to reduce efficacy of
ACS. In addition, an exercise program was given to the patients and
performing normal daily activities was recommended when tolerable.
Another surgeon who was not aware of the study design performed the
clinical evaluation. Patients underwent clinical evaluation before the
injection and at the first-year control. The possible complications and
side effects were also evaluated in each visit.

Statistical Analysis

Statistical analysis was performed using NCSS (Number Cruncher Sta-
tistical System) 2007 (Kaysville, Utah, USA). Descriptive statistics were
expressed as number and percentage for categorical variables and as
mean, standard deviation, median, minimum, and maximum for numer-
ical variables. Paired Samples t Test was used to test whether variables
were distributed normally. Wilcoxon Signed Ranks Test was used to test
whether variables were distributed non-normally. p<0.01 were consid-
ered statistically significant.
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Results

The present study comprised 33 patients (19 female, 14 male) with 66
knees with a mean age 576 (range 41-70 years); the general character-
istics of the patents are shown in Table 1. These patients were highly
symptomatic. At the first admission, the mean VAS score was 7.3 + 0.9
on the right side and 77 + 1.2 on the left side. The change in VAS score

Table 1. Age and Gender

Min-Max Mean+SD

Age [year) £-70 5766:8.21
n %
Female 19 576
Gender
Male 14 424
Table 2. Before and after 1year treatment for left knee
Min-Max (Med) MeanzSD p
Before 18-78 (48.5) £762+16.35
Koos stiffness a0.001”
1year 39-100 (74) 7341+12.68
Before 17-75 (49) 49.65+16.05
Koos pain 20.001"
1year 47-98 (78) 75.79+12.6
Before 18-87 (45,5) 46.88+171
Koos function daily #0.001"
1year 47-96 (74) 73.26+1317
Before 15-75 (40) 434141843
Koos function activity °0.001™
1year 30-96 (74.5) 72.03+163
Before 13-75 (37) 39.3+14.29
Koos life quality °0.001™
1year 47-96 (72) 71.62+1246
Before 21-65 (475) 46.32+14
Koos total 20.001™
1year 54-92 (75) 74.06+753
Before 5-10 (8) 177412
VAS 0,001
Tyear 0-7(3) 3.08+143
Before 14-75 (45) 4644+13.67
KSS 20,001
1year £7-92 (74) 7245+12.28
*Paired Samples t Test "Wilcoxon Signed Ranks Test **p<0.01
Table 3. Before and after 1year treatment for right knee
Min-Max (Med) MeanSD p
Before 18-78 (40) 44.67+18.09
Koos stiffness °0.001™
1year 39-100 (71) 72.85+13.35
Before 17-75 (44) 453£149
Koos pain 20.001"
1year 56-94 (75) 74.21+10.36
Before 18-87 (42) 44.3+16.8
Koos function daily 20.001™
1year 53-95 (74) 72.8210.2
Before 10-65 (30) 31.82+14.94
Koos function activity °0.001
1year 30-85 (70) 6615+13.39
Before 12-75 (31) 34.21+13.96
Koos life quality °0.001™
1year 56-92 (75) 72.85+1017
Koos Before 21-65 (42) 42.39+13.38 -
total 1year 54-92 (71) 72.36+8.81
Before 5-9(7) 736+0.93
VAS °0.001
1year 1-6 (3) 3274123
Before 14-61 (43) 42.79+10.26
KSS 20,001
1year 49-84 (74) 70.61£9.32

2Paired Samples t Test °Wilcoxon Signed Ranks Test **p<0.01
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before and after treatment was statistically significant. Treatment with
ACS consistently showed a significant decrease in VAS score (p<0.01)
(Table 2, 3).

No intra-articular injection-related major complications such as infec-
tion, deep venous thrombosis, or muscular atrophy were detected in
any of the patients over the course of treatments.

ACS (Orthokine) resulted in significantly greater improvement over a
one-year period bilaterally. When asked retrospectively to rate their
health, the patients reported a significant improvement in KOS (sub-
scores and total) one year after ACS treatment (p<0.01). It is interest-
ing that retrospectively, they rated their initial health (all outcomes of
KO0SS) as being lower than the ratings they gave before the actual ACS
treatment (Table 2, 3).

By the end of the study, there was a significant improvement in the KSS
score over time. Increase in KSS score from baseline to post-treatment
1year was significant (p<0.01) (Table 2, 3).

Discussion

OA is accompanied by a number of mechanical and biologic dysfunc-
tions within the joint, the central pathologic feature being the destruc-
tion of hyaline cartilage. Of the catabolic cytokines identified in osteo-
arthritic joints, IL-1, the most potent known mediator of cartilage loss
[23-32], appears pivotal. The naturally occurring inhibitor of IL-1, the IL-1
receptor antagonist (IL-1Ra) could potentially limit the intra-articular
actions of 1.1 and thereby control the disease process [33-35].

NSAIDs give only modest control over the signs and symptoms of OA.
Scholes et al. have reported that only 15% of patients with OA of the
knee for whom a NSAID was prescribed were still taking the same drug
12 months later [36]. Certain cyclooxygenase-2 (COX-2) inhibitors have
recently been withdrawn as a result of cardiovascular complications
[10]. The future of this class of drugs is now unclear. Their claimed
qualification as OA medication may possibly be due to what has been
until now a lack of effective treatment alternatives.

Interleukin (IL)-1b is a pivotal mediator of many inflammatory and re-
generative diseases, including osteoarthritis (0A), rheumatoid arthritis
(RA), and spinal disorders. Strategies for inhibiting the biological ac-
tivities of IL-1b include use of the recomhinant IL-1 receptor agonist,
soluble forms of IL-1 receptors, and anti-inflammatory cytokines such
as L4, 11-10, and 1113, which inhibit the synthesis of IL-1, increase the
synthesis of IL-1Ra, or bath. A biologic therapeutic preparation known as
ACS or Orthokine (Orthokine, Dusseldorf, Germany) has been developed
and used clinically in orthopedic patients suffering from OA, RA, and
spinal disorders. ACS is prepared from peripheral whole blood. Briefly,
blood is drawn into a syringe containing treated glass beads with CrS04
to initiate monocyte activation [37).

ACS was developed in the mid-1990s in an attempt to generate an in-
jectable material enriched in endogenous IL-1Ra as a novel therapeutic
for OA. Meijer et al. nated that exposure of blood to glass beads elicits
a vigorous, rapid increase in the synthesis of several anti-inflammatory
cytokines, including IL-1Ra [38]. This observation is the basis for pro-
ducing ACS, which is injected into the affected joint in a series of six
intra-articular injections given twice a week for 3 weeks. This therapy
is currently available for humans in several countries and its use is
even more widespread for equine OA, where ACS considerably improves
clinical lameness in horses and may protect cartilage from degrada-
tion [10].

Our data show that ACS (Orthokine) is safe and has a therapeutic ef-
fect on the major clinical parameters of painful knee OA. ACS resulted
in significantly greater improvement over one year. Furthermore, pa-
tients treated with ACS consistently showed significantly greater im-
provements compared to the pre-treatment parameters. Remarkably,
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the therapeutic effect persists for at least one year. The ACS produc-
tion process has been shown to reproducibly elevate Il-1Ra and other
factors, although the mechanisms by which the effects are mediated
are not fully understood [36,3739]. The multitude of synergistic, active
therapeutic molecules may explain the observed clinical effect, but its
long-term persistence is more difficult to explain. One possibility may
be that the therapeutic molecules help to re-establish a healthy joint
homeostasis [20].

In summary, intra-articular ACS (Orthokine) reduces pain and increases
function and mobility for up to 1year, based on our clinical trial results.
It can be considered as clinically very safe because of its autologous
origin. No clinically serious side effects were observed in the ACS group
during the observation period.

We conclude that ACS is effective for treatment of patients with low- to
medium-grade, painful knee OA. We treated only patients with grade
2-3 0A of the knee according to Kellgren-Lawrence classification, so
the results can not necessarily be generalized to all OA patients. Al-
though this study supports the use of ACS in mid-stage painful OA of
the knee, we are aware of its limitations.

Conclusion

Intra-articular injection of ACS (Orthokine) in patients with painful knee
0A has an excellent safety profile and results in a strong clinical re-
sponse. The data show that ACS (Orthokine) represents an effective
and well-tolerated alternative to currently predominant treatments of
OA.
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